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B Purpose - Provide an overview of the ISD
measurement program.

B Objectives -- After this session you should
know

— Why organizational measurement?
— What does a project have to do?

— What ISD Measurement Team will do with data
collected

— What is produced for software teams & ISD

H Note:

— “Measurement and Analysis for ISD Software
Projects” Software Engineering Discussion
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H Setting the stage: why measure?

H ISD Measurement Program
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H Summary
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B Managing projects

— Compare actual results with plans and
expectations

H Understanding process

— Create models of typical projects; for example
what percentage of effort is needed for test?

B Guiding Improvement

— Introduce new process or technology and
assess impact on project results

http.//software.gsfc.nasa.gov/process.cfm
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Effort & Schedule model

Milestone % of schedule % of staff effort
Through SRR 12 6

Through PDR 20 14

Through CDR 35 30

Through TRR 65 70

End of acceptance test | 100 100

Defect model (4-2-1 rule)
» Expected defects by phase
* 4 per KSLOC in implementation
« 2 per KSLOC in system test
* 1 per KSLOC in acceptance test
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Example: Guiding Improvement

Source: Flight Dynamics Division

Setting Expectations for New Methodology

<

GSFC

SAMPLE SAMPLE SAMPLE
MEASURES BASELINE EXPECTATION
PROCESS - Effort distribution Design 23% | Increased design %
- Change profile Code 21%
Test 30%
Other 26%
COST * Costper LOC Historically, No degradation of
* Level of rework 26 LOC per day current level
» Impact of spec
mods
RELIABILITY | * Error rate Historically, GOAL:
» Error distribution 7 errors /KSLOC Lower error rate
» Error source
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Organizational Measurement at a Glance

Set goals & define strategy

Create models & define data with respect to
goals & strategy

Collect & store data from software teams

4. Analyze data

6.

Deliver results to users (software teams, ISD
management)

B Planning models to software teams
B Trend reports to ISD management
B Services offered to SW teams, management

Repeat as needed.

GSFC
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1. Setting Goals & Strategies

B Initial Goal:

Establish a measurement program and create an initial
measurement baseline to support

« |SD software teams in managing their projects
« ISD management team in applying SPI

B Strategies (listed as “goals” ISD Measurement
Program Implementation Plan)

1.

o k0N

Build software models for use by future projects
Track performance trends

Assess impact of SPI on ISD project performance
Provide measurement support to projects

Provide support to the ISD and its projects in meeting
NASA measurement requirements (e.g., NPR 7150.2)

10



Projects
* Planning

 Tracking
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ISD Measurement Program Organization

ISD Measurement Team
 Create models

* Analyze process trends
* Define products/services
» Support projects as requested
A

ISD Management
Long range planning for process
& technology improvements

-

11

GSFC



Goddard

Hdgie 2. Create Models and define data (1 of 2) @

Center | GSFC

B Considerations

— Need data to support analysis with respect to
goals

— Need to minimize overhead to projects
* Provide easy collection format & procedures
» Use data projects need anyway

H With minimal data, we can produce a lot of
useful models

12
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L Models defined in ISD Measurement Plan GSFC
1. Total effort estimate 8. Defect Profile by phase
2. Effort estimate by 9. Productivity trend
phase 10. Management

3. Total schedule estimate performance trend

4. Schedule estimate by 11. Impact of requirements

volatility
phase o
o 12. Productivity by CMMI or
5. Effort (remaining) internal assessment
prediction level
6. Schedule tracking and 13. Defects by CMMI or
prediction internal assessment
level

7. Requirements volatility
by phase 14. Effects of technology or

process

13




Example: Measuring trends
(ISD Plan Goal 2)

L. y= 262882x - 53279 y =-0.0263x + 53.461
Productivity R =0832 Cost Variance R?= 04234
& Defect Rate - - - .Linear (Defect Rate)‘
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9. Productivity trend 10. Management
performance trend
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(ISD Plan Goal 3)

B CMMI assessments: more than a digit
— Can look at trends in individual practices

— Assessments produce stoplight charts, are
they turning greener over time?

B Quick look assessment: a short list of key
items,

— e.g., does SMP exist, is CM being done, is
there a test plan,...

— Based on short interviews with software teams
— Again, are stoplight charts turning greener?

H Correlate these trends with productivity, etc.

15
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B Who provides data?
— All mission software projects

— All other ISD projects larger than 5 staff years

B What do software teams provide?
— Data collected via Excel spreadsheet

B Where is data stored?

— Data is stored in cross-project database and
used to build models we’ve defined

B When is data collected?
— NOW!III!

16
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B 3 worksheets

— Project characteristics -- key characteristics
such as COTS & languages used collected at
start; size data collected at end

— Milestone data -- high-level data typically
reported at milestones

— “Notes for Analysis of Measures” -- provide
notes on spreadsheet data items to ISD
measurement team. Especially changes, e.g.,
of estimate, COTS product used,...

H Available on tools page
* (http://software.gsfc.nasa.gov/tools.cfm)

17
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Project Name
Contact Name
Contact e-mail
Software Type
CSCI Name Class Language(s) COTS product(s) Platform Size Units

Color Coding Ke
Yellow fill = end of project

White fill = project start

18
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Project Acronym
Current Date

Event: Start SRR PDR CDR Start Test| End Test Maint.
Basis of Estimate Provided (Y/N)

Estimated and Actual Milestone Dates
System Requirements Review
Preliminary Design Review

Critical Design Review

Start of System Testing

Acceptance Test End

Turnover to Maintenance

Progress points (from point countin
Actual at milestone
Estimated at completion

Effort (expressed as FTEs)
Actual at milestone
Estimated at completion

Requirements Data

Number of requirements
Number of TBDs
Cumulative changed requirements

Cumulative Defects
critical defects found
moderate defects found
minor defects found

Color Coding Key
Yellow fill = actual values 19
White fill = estimates
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B Select projects that are representative

— Projects are not uniform, but explainable
extreme variations need to be removed

* E.g., COBE mid-project redesign
— How these outliers differ may be interesting
— Talk to experienced practitioners!

H Build planning models
— Average data across projects

— Provide uncertainty bands

H Look at trends in key measures

20



e Analyzing Projects:
Flight P

Center | Defect Profile Example

Defect profile (8) m Defects priorto maintenance
[ Defects priorto Testing
0.8 Defects priorto COR
m Defects priorto POR
£ 05
L.
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-
g -
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Projects

21
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DESIGN : CODE, TEST : SYSTEM TEST : ACCERTANCE
: : : Deviation: Actual change rates are
| | | above model upper bounds
rr | | : Lo Possible Causes:
| | | ““-“ a) Rapidly changing requirements
6 +— | | | aee®® b) Inexperienced team
| | o c) More thorough testing (high quality)
Q5| I I o : d) Erroneous specifications
S | | o |
;’ : I ‘."' : Deviation: Actual change
© 4 = | K | rates fall below model bounds
o | Ol | Possible Causes:
b3 | & | a) Stable requirements
E : R : : b) Complete design
w | o | | c) Inadequate testing
AT 5 |
A |
Tr W | |
| & | | )
0 L | . Cumulative defect model
SCHEDULE with uncertainty bands

22



Modeling Trends:
Productivity Example

Cost Trend
y = 48.348x - 95989
R*=10.7825
800
—
3
| 600 [ 4
& .
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= 400
2=
o
S
5 200 s o
(]
a
O T T T T
1989 1991 1993 1995 1997 1999
| 1990 1991 1992 1993 1994 1994
Size / Cost Year Project Active
WINDPOL  Feb-90  Aug-92 257 257 257 257
SAMPEX /  Mar-90 Nov-91 60 60 60
POWITS  Mar-90  May-92 229 229 229 229
GSS Mar-92  Mar-97 172 172 172 172 172 172 172
TOMSTEL ~ Apr-92 Jan-94 247 247 247 247
FASTELS  Aug-92  Dec-93 368 368 368
FASTAGS  Aug-92 Jul-94 367 367 367, . . .
SOHOTEL _Sep-92 __ May-94 855| 855 855 Pro;ect active mUItlpIe years
SOHOAGS  Oct-92 _ May-95 624 624 624
TOMSEP  Janod  Junod 408 408 (1992, 1993 & 1994)
SWASXTL Apr-93  Sep-94 263 263
SWASAGS  Jun-93  May-95 620 620)
EOSTGSS Mar-94  Sep-98 345 345 345 345
ACEADS  Oct-94 Oct-97 242 242 242
TRMM Mar-95  Sep-97 733 733 733
GEODE  Oct-95  Sep-98 643 643 643 643 D f
GMOD Dec-95 Nov-97 150 T50 T50 ata averaged or
TDU Feb-96  Jan-97 877 877 877 .
ATTFEP  Mar-96 Feb-97 082 082 982 a Slngle year (1 993)
ARS Jun-96  Mar97 1135 1135 1135
Averag{ 182 182 390] 436 414 483 587 587 294 23
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B Results for projects available via Web site
— http://software.gsfc.nasa.gov/MeasProj.htm

— Planning models created by analysis step will
be deployed via this site

— “Help desk” support for these products

B Results for organization

— Trends in productivity, quality, and
predictability

— Assessment of SPI impact

24
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B Step 1 next set of goals -- e.qg.,
— Win more proposals
— Happy customers and users

— Predictable projects with less reliance on
heroics

B Step 1: next set of strategies, e.g.,
— Invest in reuse technology

— Improve cost estimation/re-estimation
techniques

— Improve monitoring of and control over
requirements changes

25
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H Step 2: measuring reuse technology

— Add measures for proportion of artifacts that
are new, modified, or reused verbatim

» Code, requirements, test procedures,...
— Modeling impact of change
» Has proportion of verbatim reuse increased?
« Has productivity increased?
« Have projects become shorter?

H efc.

26
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B Start with very small set of very basic
measures

— Add or refine measures in future iterations as
you gain insight

H Tie measurement to organization’s strategic
planning

— To assess how well plans are working
B Focus on analysis

— If data isn’t analyzed, don’t collect it

B Streamline collect/store/analyze/report cycle

28
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H ISD is about to start its first iteration of data
collection, storage and analysis steps

— We have done goal setting and model
definition steps

B Purpose of program is to serve ISD projects
and ISD improvement goals

B For more information
— http://software.gsfc.nasa.qov/MeasISD.cfm

— Contact Mike Stark via e-mail:
* michael.e.stark@nasa.gov

29
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Find tools
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A GSFC's EPG Training Program - Microsoft Internet Explorer
File Edit Yiew Favorites Tools Help
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|__Access SW Engineering Discussion schedule:
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